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Is the statistical character of
MHD turbulence universal?

Laboratory: SSX Space: Solar Wind*
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Goals for this Talk

1) Give overview of SSX plasma:
a) Formation
b) Selective Decay (Magnetic Self-Organization)

2) Reveal turbulent characteristics of SSX
a) Power spectrum
b) PDF of increments

3) Show injected helicity scan
a) Affect of structure size on turbulence



The SSX Laboratory

10kV/100kA Pulsed power 1mF banks

@" o |

Schematic + Simulation

Mach/Magnetic Probes —p

L/ Electrode (Gun)

(a)

Number Density (unit = 1.e16 per cm " 3) B-field (unit = 5.e3 Gauss)

9.53@3 1.51e-01  2.92e-01 4.33e-01 2.59e-02 3.64‘601 7.03e-01 1.04‘e+00

Number Density (unit = 1.e16 per cm ~ 3) B-field (unit = 5.3 Gauss)

5.7§e02 1.55e-01 2.53e-01 3.51le-01 1.14e-02 1.01e<01 1.91e-01 2.8le-01

Cylindrical vacuum chamber High voltage plasma
(D=0.5m,L=1m) guns on each end



Spheromak Formation w/Plasma Gun
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Spheromak Formation w/Plasma Gun
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Spheromak Formation w/Plasma Gun

) Step 3:
\ a) J x B force pushes plasma
)xB m=p out of gun

b) Spheromak begins to form
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Spheromak Formation w/Plasma Gun

Toroidal Field

Step 3:

a) Spheromak breaks off
from gun, pushed into
chamber
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To Tilt or Not to Tilt?

r@\ Toroidal Field
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To Tilt or Not to Tilt?
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To Tilt or Not to Tilt?
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Taylor State (Tilt and Twist)
Double Helix Shape



To Tilt or Not to Tilt?
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Taylor relaxation (selective decay) provides
energy injection for MHD turbulence cascade

Taylor relaxation or selective decay of a
plasma is a process where magnetic
energy,

EB—/—dV

is minimized under the constraint that A double helix is the result of this process
magnetic helicity, for a cylindrical boundary
Originally predicted by J. B. Taylor
Kp = fA . BdV (above image is analytical calculation)

is conserved.



Previous work* showed that selective decay is
observed in the SSX wind tunnel configuration
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Hall MHD simulation clearly illustrates
selective decay process
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AEAXIS S HiFi Simulation of SSX (Hall) MHD windtunnel
Time="9. ' by V. S. Lukin


C:/Users/Presentation/Desktop/HallMHD_tunnel_movie1.mpeg
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Magnetized plasma flux robe observed
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Primary turbulence analysis techniques

Power spectrum

5 Indicates energy transfer
Ew) = [/ B(t)e_i‘*’tdt] rate from scale to scale



Primary turbulence analysis techniques

Power spectrum

5 Indicates energy transfer
Ew) = [/ B(t)e_i‘*’tdt] rate from scale to scale

Autocorrelation

Indicates temporal
O(r) = (B(t)B(t + 7)) decorrelation of fluctuations



Primary turbulence analysis techniques

Power spectrum
E(w) = [/B(t)e_mdtr

Autocorrelation

C(r) = (B(t)B(t + 7))

Radial Cross Correlation

Rij(z) = (B;i(r)B;(r + x))

Indicates energy transfer
rate from scale to scale

Indicates temporal
decorrelation of fluctuations

Indicates spatial
decorrelation of fluctuations



Primary turbulence analysis techniques

Power spectrum
E(w) = [/B(t)e_mdtr

Autocorrelation

C(r) = (B(t)B(t + 7))

Radial Cross Correlation

Rij(z) = (B;i(r)B;(r + x))

Probability Distribution
Function of Increments
Ab(t, At) = b(t + At) — b(t)
S2(At) = ((b(t + At) — b(t))?)

Indicates energy transfer
rate from scale to scale

Indicates temporal
decorrelation of fluctuations

Indicates spatial
decorrelation of fluctuations

Indicates level of
intermittancy in timeseries



Primary turbulence analysis techniques

Power spectrum

2 Indicates energy transfer
Ew) = [/ B(t)e_mdt] rate from scale to scale

Autocorrelation

Indicates temporal
O(r) = (B(t)B(t + 7)) decorrelation of fluctuations

Radial Cross Correlation Indicates spatial

: : decorrelation of fluctuations
Rij(z) = (Bi(r)B;(r + x))

Probability Distribution
Function of Increments
Ab(t, At) = b(t + At) — b(t) Indicates level of
’ intermittancy in timeseries
S2(At) = ((b(t + At) — b(t))?)




Energy spectrum indicates power-law behavior
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PDF of increments have fat tails (intermittency):
shows turbulence is highly structured
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Turbulence theory predicts power-law relationship
between flatness of PDF vs size of timestep

Flatness = normalized 4" moment of a PDF

p_ Je'P@
(J22P(x))? 20
Flatness = quantification of fat
tails, departure from Gaussian
- the larger the flatness, the ﬁ 10
more intermittency is observed %
L
5
Power-law like scaling is > |
observed in experiment 3

(log-log plot)




Utilizing laboratory plasmas—vary injected helicity
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Shape/slopes of power spectrum generally unchanged
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Shape/slopes of power spectrum generally unchanged
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Flatness (intermittency) scales with injected helicity
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1) Resulting structure of turbulence is affected by amount of helicity.

2) A change in turbulent characteristic is seen in a higher order moment
(4t order flatness), but not in 2" order spectra.




Fat tails indicative of current sheets, reconnection?
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MHD simulations by Greco et al*
suggest the intermittency
observed in field signal is due to
the presence of current sheets
generated by reconnection sites

*Greco ApJ 2009



lon temperature bursts scale with helicity, but
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Conclusions

1) SSX plasma exhibits characteristics of a
turbulent state—power-law spectra,
Intermittency

2) Measured B-field spectra indices steeper than
Kolmogorov -5/3

3) Spectra indices unchanged by amount of
injected helicity

4) Intermittency increased by higher injected
helicity

5) Evidence for role of reconnection in turbulent
structure observed, but simulation needed



Next Steps

1) Further study turbulence through
autocorrelation, cross correlation, find the
Taylor microscale

2) Observe possible dispersion relation in plasma—
connection to energy transfer rate?

3) Make more comparison to simulation

4) Seek further evidence for connection between
reconnection sites and intermittency—perhaps
simulation necessary?
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